Second-harmonic generation (SHG) In this article we present our observations of the epitaxial growth of GaAs by SHG, employing the growthinterruption method. We make use of Stehlin et al.'s surface-specific configuration, together with RHEED (res-r-1-5 fl ection high-energy electron diffraction) observations.
L. Introduction
During this decade, surface reflection SHG is being recognized as a unique tool for studying semiconductor surfaces: its symmetry; structure, including surface step structure; chemical constituents, etc. are important potential subjects [1] . As an optical method, SHG or SFG (sumfrequency generation) is capable of remote sensing, is a non-destructive method, and can be applied in any dense environment, such as in liquids, high pressure gases, or even at interfaces of different materials, provided that the light can pass through them. Further, by employing a nonlinear effect, it can be made to be sensitive to only the surfaces or interfaces.
However, the studies have been rather limited to centrosymmetric crystals such as silicon and germanium. This is because one can only enjoy the surface-specific nature of reflection SHG for crystals having a center of symmetry. On the other hand, the situation is quite different for compound semiconductors, because, not having a center of symmetry, SHG is a strongly allowed process in bulk crystals, thus hampering the observation of surface SHG. However, Stehlin et al. have shown that for "lowindex" surfaces there exist special optical arrangements in which the bulk SHG has zero contribution [2] . The present authors have shown that by observing the rotational anisotropy of the SH intensity one can deduce the contribution from the surface, which, due to interference with the strong bulk contribution, is observed to be "magnified" [3] .
In this article we present our observations of the epitaxial growth of GaAs by SHG, employing the growthinterruption method. We make use of Stehlin et al.'s sur- face-specific configuration, together with RHEED (res-r-1-5 fl ection high-energy electron diffraction) observations. and having source ports for metal Ga, As, and trimethylgallium (TMG), was used. Two fused-quartz windows allowed the inlet and outlet of a laser beam and SHG radiation lying in a horizontal plane. The RHEED gun was located so that the electron beam intersected with the optical plane at an angle of 45"; a fluorescent screen was located in the opposite direction. We used green (532 nm) light from a frequency-doubled YAG (yttrium aluminum garnet) laser (Quanta-Ray GCR150) as a light source, the output of which was set to about L0 mJ with a repetition rate of L}Hz. After cutting off the fundamental and parasitic higher harmonic components with glass filters (Y45 and CM500), and passing through a polarizer, the laser light was introduced into the chamber so as to hit the surface of GaAs. The reflected second-harmonic light of wavelength 266 nm was detected using a solar-blind photomultiplier (R166) after passing it through a polarizer and a glass filter (U330). On the sample a fresh layer of GaAs was deposited homoepitaxially using TMG and solid-source As before the experiment.
Experimental
3. Result and discussion Figure 3 shows the time variation of the SHG signal and the RHEED intensity of a sample maintained at 510'C in an As atmosphere without Ga (TMG) supply. A period of about 2 minutes was inserted during which the As supply was turned off, inducing the surface to become a Ga-stabilized (3x1) structure. After again opening the As shutter, this Ga-rich surface returned again to the As- [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] azimuths, the SH intensity change is opposite in sign, i.e. the P-in P-out intensity decreases in qe E azimuth and decreases in rqe rl azimuth, and S-in P-out decreases in qe f azimuth and increases in rne n azimuth.
This leads to a suggestion that the relevant surface tensor element would be zEE -zlrm. (Here we followed the convention of listing only the suffix for the surface susceptibility tensor elements . t5l) 4 . Sumrnary
We observed surface reflection SHG from the GaAs crystal to which the supply of As was interrupted. The surface-specific, as well as bulk-surface interference components of SHG changed during the off period of As, and returned to their original value immediately after the resupply of As.. The results were interpreted in terms of the structural change of the surface, in relation to "migrationenhanced" epitaxy.
